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Abstract 
Nowadays, competitiveness of supply chain companies is not just about optimizing supply chains within functions, but supply 
chains have to be optimized across functional elements as well. At this time, there are known several structural complexity 
indicators that have been validated for specific or/and generic supply chain models. Our intention in this paper is to test their ability 
to discern configuration dissimilarities between selected organizational concepts. The results of this theoretical study show that 
some of the indicators can be effectively used for identifying better configuration variant having feasible influence on organization 
performance while designing supply chain network. 
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1. Introduction 
In the present global world it is evident that 
management of supply chains is becoming a serious 
issue for many industrial sectors. Global supply chains 
often present complex tangle of dependencies between 
teams and companies. This is what brings about many 
difficult tasks for managers and raises many research 
challenges including complexity metric for supply 
chains (SC). It is generally known that we cannot 
manage for improvement if you don't measure to see 
what is getting. In order to reflect this principle, a set of 
useful metrics designated into functional domains were 
identified, e.g. by the Supply Chain Operational 
Reference [1]. Moreover, comprehensive overviews on 
the topic provide various metrics for performance 
evaluation of supply chains, see e.g., ref. [2]. According 
to Lambert and Pohlen [3], “the lack of proper metrics 
for a supply chain will result in failure to meet 
consumer/end user expectations, sub-optimization of 
departmental or company performance, missed 
opportunities to outperform the competition, and conflict 
within the supply chain”. They also add that the 
deficiency of a widely accepted definition of complexity 
associated with overlapping supply chains makes the 
development of supply chain metrics difficult. 
Even though we can notice the existence of many 
pertinent approaches to SC complexity measurement and 
management, we have to realize that there is the lack of 
a clear distinction between metrics at strategic, tactical 
and operational levels [4]. In this context the issue of 
structural complexity of SC can be assigned to the 
metrics at strategic level. The structural complexity of 
SC can be defined from several standpoints. From an 
information-theoretic perspective, the SC complexity 
increases with increasing levels of disorder and 
uncertainty [5]. Another definition that is close to our 
goals states that structural complexity is linked to the 
static design dimensions of the system [6]. 
In this paper, we focus on the comparison of two 
possible approaches to complexity metrics of supply 
chain structures. The remainder of the paper is organized 
as follows. In Section 2, we briefly present some of the 
most important related work. The next section outlines 
methodological issues associated with the chosen 
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research methods. A description of SC complexity 
indicators is incorporated in Section 4. Then, a 
comparison of two methods for supply chain complexity 
metrics is carried out. Subsequently, a testing of indices 
for optimal supply chain configuration is presented.  
Finally, obtained results are summarized. 
2. Related work 
The need to optimize material flows between 
facilities in a supply chain has often inspired researchers 
and practitioners across the world. The most important 
criterion of optimization has long been focused on 
reducing costs in each process from product 
development to market [8]. A typical feature of this 
approach has been the use of modern managerial tools 
with aim to ensure high product quality standards, 
volume and mix flexibility, and delivery speed and 
reliability [9], [10]. Undoubtedly, new challenges related 
to the increasing complexities of global supply chains 
mean that new and different approaches have to be 
applied for managing the supply chain including 
measurement methods for the evaluation of supply chain 
complexity. 
In general, the complexity of supply chains can be 
characterized in terms of several interconnected aspects 
of the networked system.  Some of these aspects that 
were described by, e.g. [11], [12], [13], [14], [15] are: 
product structure; uncertainty and variety by information 
and material flows; number of elements or sub-systems; 
degree of order within the structure of elements or sub-
systems; degree of interaction or connectivity between 
the elements, sub-systems and the environment. 
Research undertaken by Wilding [16], explores the 
chaos theory within supply chains and provides certain 
inspirations that topological entropy can be used as a 
tool to quantify a supply chain complexity. Three basic 
dimensions of SC complexity that linkage the 
uncertainty with performance were identified in the 
work presented by Milgate [2]. 
Different views on complexity in supply chains were 
presented, for example, in [17], [18], and [19] that 
argued that the complexity experienced may force 
organizations to innovate and learn. Crippa et al. [20], 
used the following initial assumption to measure 
complexity in SC. Complexity in any system is directly 
related to relationship between its elements such as 
plants, supplier distributors etc. Conceptually similar 
metrics based on topological analysis of SC networks 
was performed by Németh and Foldesi [21]. Another 
feasible approach to measure structural complexity 
based on so called Restrictiveness estimator was firstly 
applied by Latva-Koivisto [22]. Restrictiveness 
estimator (RT) was originally developed in conjunction 
with scheduling heuristics [23] and later applied to 
project networks measurements [24] and [25]. 
The interest in SC complexity measurements is 
directly connected with SC performance. Related aspects 
on business performance measurement and control were 
treated, for example, in [26], [27], [28], and [29]. 
3. Methodology 
Given the above stated objectives of the study, the 
following research methodology was used. The 
structural complexity of supply chains will be 
investigated by means of a topological analysis in terms 
to which the basic elements of the process structure - 
vertices (Nodes) and edges (Links) are subjected.  For 
this purpose, two different groups of supply chain 
models were selected for testing. Subsequently, the 
experimental benchmarking of proposed complexity 
indicators to measure topological complexity of SC 
against existing measures is carried out for ascertaining 
construct validity. An assessment of their performances 
is based on assumption that stronger mutual correlation 
of values of comparable indicators contributes to their 
broader acceptance and application. 
4. Existing SC complexity indicators 
4.1. Restrictiveness estimator (RT) 
RT is practically the same measure as Order Strength 
defined by Mastor [30]. Formally RT is expressed by the 
formula: 
 > @    > @32162  ¦ NNNrRT ij  (1) 
Where: rij is an element of the reachability matrix, 
rij=1 if there exists a path from the vertex vi to vj, 0 
otherwise; and N is a number of vertices in a graph. 
RT ranges from 0 to 1, where the zero indicates ideal 
parallel directed graphs and 1 series directed graphs. 
4.2. Flow complexity (FC) 
The FC is proposed by Crippa [20]. It can be 
expressed by (2) and it counts all Tiers (including Tier 
0), Nodes and Links and adds all these counts, weighted 
with arbitrary chosen α, β and γ coefficients. Nodes are 
counted only once, even if they are repeated in Tiers. 
Presence of repetition is included in Links count. 
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Where: Ti - i-th Tier; Ns - s-th Node; and LKij - i-th 
and j-th Link. 
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4.3. Supply chain length 
Nemeth and Foldesi [21] described Supply Chain 
Length (LSC) indicator and its extended definition. The 
LSC indicator takes besides number of nodes also 
number of links weighted by the complexity of links into 
consideration. It is mainly focused on material flows. 
The equation formula of LSC is expressed by the 
equation: 
 
 ¦ ¦   Pi Pji jijiis ADfcVwcLSC , ,,21  (3) (1) 
Where: c1, c2 - constant represent the technical and 
managerial level of vertices and level of edges; wS - 
weight corresponding the nature of node; P - path from 
the origin to the destination; Vi - the vertices (nodes) in 
the path; Aij - the arcs (edges) in the path; Dij - distance 
in logistic terms (in this study it equals 1); and f(Dij) - 
the weight determined by the distance in logistic terms. 
5. Novel SC complexity indicators 
5.1. Aggregate complexity indicator (AC) 
In order to measure structural complexity of supply 
chains it seems to be useful to apply AC indicator 
constructed by Modrak [24]. A concept of this indicator 
is based on the aggregation of three sub-indicators: 
Binding of structure (B), Structure diversity (SD) a 
Diameter of network (D). The following expression for 
an Aggregate complexity indicator is formulated: 
 > @3log DSDBAC   (4) 
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 11 2
1
1
1
21  ¦¦   ij
n
j
n
i
cNNSD  (6) (1) 
)(max ijij DD   (7) (1) 
Where: N1, N2 are numbers of initial and final nodes; 
cij represents number of heterogeneous paths from i-th 
input node to j-th output node of the graph (without any 
possibility to pass twice through the same node within 
one route); and Dij is the shortest path between i and j. 
5.2. Modified flow complexity (MFC) 
Modified FC indicator combines Crippa’s FC 
together with Multi-Tier ratio (MTR) and index (MTI), 
and Multi-Link ratio (MLR). Using MTI, MTR and 
MLR we can determine α, β and γ coefficients. In MFC 
indicator, Nodes and Links are counted only once, even 
if they are repeated in graph. Presence of Nodes and 
Links repetition is included in coefficients. In 
mathematically term, the MFC indicator can be 
expressed as follows: 
LNTMFC  JED  (8) 
   > @NTNTNMTI   D 1  (9) 
NTNMTR   E  (10) 
LLKMLR   J  (11) 
Where: N - Number of Nodes; TN - Number of 
Nodes per i-th Tier Level; L - Number of Links; LK - 
Number of Links per i-th Tier Level; and T - Number of 
Tiers. 
6. Benchmarking of SC complexity indicators 
6.1. Representation of supply chain networks 
In order to assess the relevance of the benchmarked 
complexity indicators, we decided to test them on two 
sets of supply chain models: one presenting different 
types and various sizes of SC to encompass broad supply 
chain networks (see Fig 1) and second abstracting of 
assembly supply chains (see Fig 2).  
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Fig. 1. Selected models of general SC structures 
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Fig. 2. Selected models of assembly SC structures 
A vast majority of the supply chain models used in this 
study were used in previous studies (see, [20], [22] and 
[31]). 
6.1.1. General supply chain models 
General SC models consist of the following elements: 
Unique nodes (N), Repetitive node (RN), Unique links 
(L), and Non-unique links (NL). We further assume that: 
x A unique node can appear in one-tier of supply chain 
only one time.  
x  When there are multiple arcs from a node x to 
different nodes, then only one of them is considered 
to be a unique link, the rest of them are assumed to be 
non-unique ones. 
6.1.2. Assembly supply chain models 
For a creating of assembly supply chain (ASC) 
models were used the following suppositions: 
x All nodes in an ASC model are unique, 
x There are not multiple links from a node x to different 
nodes, 
x Initial nodes are representing of original suppliers, 
x There is only one final node in an ASC structure, 
x The rest of nodes in assembly SC networks are 
considered to be sub-assembler nodes, 
x Minimal number of nodes in each tier is two except 
for tier “0”. 
6.2. Results of computational experiments 
Tables 1 and 2 show the computational results of the 
complexity indicators application that were described in 
sections 4 and 5. Table 1 shows, e.g. that AC and RT 
indicators in spite of their different concepts of 
calculation they generate comparable results. Evenly, it 
is possible to state that obtained values of three 
indicators FC, LSC and MFC are very similar. As we 
can see from Table 2, AC and RT indicators demonstrate 
only limited ability to measure topological complexity of 
supply chain networks. 
Table 1. Inputs values and results of complexity measures for the 
general SC models 
NO LK L N TN T RT B D SD AC FC MFC LSC 
1 9 7 9 9 5 0.14 0.13 4 0.25 0.16 23 18.00 18 
2 15 9 10 10 4 0.25 0.67 3 6.00 0.51 29 25.00 25 
3 16 9 9 11 4 0.43 0.60 3 2.00 0.27 29 27.30 25 
4 16 11 10 12 5 0.54 0.45 4 1.67 0.31 31 28.25 26 
5 18 15 12 16 5 0.22 0.20 4 0.56 0.20 35 34.42 30 
6 21 13 13 16 5 0.58 0.40 4 2.00 0.33 39 37.29 34 
7 22 14 17 19 7 0.62 0.22 6 4.00 0.53 46 41.14 39 
8 21 19 19 21 9 0.27 0.05 8 0.20 0.44 49 42.12 40 
9 26 21 19 22 6 0.23 0.24 5 0.75 0.30 51 48.19 45 
10 30 28 20 29 11 0.38 0.07 10 1.64 0.59 61 59.50 50 
11 26 22 16 23 12 0.53 0.18 11 1.75 0.63 54 49.48 42 
12 32 17 16 20 6 0.66 0.68 5 5.33 0.56 54 52.30 48 
13 33 20 21 26 9 0.67 0.32 8 8.00 0.74 63 59.27 54 
14 32 26 16 23 11 0.79 0.45 10 3.50 0.67 59 55.48 48 
15 29 21 22 25 13 0.88 0.21 12 11.00 0.89 64 54.15 51 
16 22 21 22 23 21 0.99 N/A 20 N/A 0.82 65 45.05 44 
17 33 26 25 32 12 0.68 0.06 11 1.50 0.62 70 65.31 58 
18 44 20 21 25 5 0.52 0.83 4 5.24 0.53 70 69.24 65 
19 40 31 27 32 8 0.35 0.29 7 4.20 0.58 75 72.21 67 
20 48 32 31 39 11 0.63 0.26 10 3.67 0.67 90 87.28 79 
Table 2. Inputs values and results of complexity measures for the 
assembly SC models 
NO. LK L N TN T RT B D SD AC FC MFC LSC 
1 4 4 5 5 3 N/A N/A 2 N/A N/A 12 9 9 
2 5 5 6 6 3 N/A N/A 2 N/A N/A 14 11 11 
3 6 6 7 7 3 N/A N/A 2 N/A N/A 16 13 13 
4 6 6 7 7 3 N/A N/A 2 N/A N/A 16 13 13 
5 6 6 7 7 3 N/A N/A 2 N/A N/A 16 13 13 
6 6 6 7 7 4 0.10 N/A 3 N/A N/A 17 13 13 
7 7 7 8 8 3 N/A N/A 2 N/A N/A 18 15 15 
8 7 7 8 8 3 N/A N/A 2 N/A N/A 18 15 15 
9 7 7 8 8 4 0.13 N/A 3 N/A N/A 19 15 15 
10 8 8 9 9 3 0.02 N/A 2 N/A N/A 20 17 17 
11 8 8 9 9 4 0.05 N/A 3 N/A N/A 21 17 17 
12 8 8 9 9 4 0.14 N/A 3 N/A N/A 21 17 17 
13 8 8 9 9 4 0.02 N/A 3 N/A N/A 21 17 17 
14 9 9 10 10 4 0.04 N/A 3 N/A N/A 23 19 19 
15 10 10 11 11 5 0.06 N/A 4 N/A 0.12 26 21 21 
16 10 10 11 11 6 0.31 N/A 5 N/A 0.22 27 21 21 
17 12 12 13 13 5 0.15 N/A 4 N/A 0.12 30 25 25 
18 13 13 14 14 7 0.33 N/A 6 N/A 0.30 34 27 27 
19 14 14 15 15 6 0.26 N/A 5 N/A 0.22 35 29 29 
20 21 21 22 22 6 0.17 N/A 5 N/A 0.22 49 43 43 
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As regards to MFC and LSC indicators, they offers 
identical results in case of assembly SC complexity and 
these two measures display the same tendency of 
complexity as obtained values by  LSC index (see Fig 3) 
and a high rate of correlation (see Fig 4). 
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Fig. 3. Comparison of FC and MFC measures 
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Fig. 4. Correlations between: (a) FC - MFC;  (b) FC-LSC 
6.3. Comparison of tested indicators 
The criteria that we used for a suitable complexity 
measure include the following [22]: 
x Validity means that the complexity indicator 
measures what it is supposed to measure (H - high, 
RH- rather high, and L - low) 
x Ease of implementation means the difficulty of 
implementation of the method that computes the 
complexity of SCG is within reasonable limits (E- 
easy, R - reasonable, D - difficult) 
x Independence of size means that the value of the 
complexity is relevant. (NE-not established, P- 
promising) 
Summary of indicators comparison is presented in 
Table 3. 
Table 3. Comparison of indicator according to four criteria 
Criterion/Indicator RT AC FC MFC LSC 
Validity for  general SCG RH RH H H RH 
Validity for assembly-SCG L L H RH RH 
Ease of Implementation R R E E R 
Independence of Size NE NE P P P 
7. Testing of indices for optimal SC configuration 
Once the alternative structural complexity measures 
for defined models are developed, they offer bright 
prospects for designing of SCs to mitigate complexity. 
The procedure to identify the optimal assembly 
supply chain configuration can be divided into the 
following steps [32]: 
1. Generate possible supply chain configurations. 
2. Calculate complexity measures for each possible 
configuration. 
3. Compare the results and nominate the optimal 
supply chain configuration by the given criterion. 
In order to generate a simple example of comparable 
general SC structures we generated three similar models 
(see Fig 5a) according the following rule: 
x R1: All alternatives of benchmarked structures 
comply with a condition that numbers of unique 
nodes (N) and repetitive nodes (RN) are identical. 
Analogically, three similar models for ASC were created 
(see Fig 5b), with respect to the following prerequisite: 
x R2:  All alternatives of benchmarked ASC structures 
comply with a requirement that number of initial 
nodes representing of original suppliers is the same. 
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Fig.5. Alternative structures: (a) of general SC networks; (b) of 
assembly SC networks 
The results of the comparisons based on use of three 
selected indicators, FC, MFC and LSC are shown in 
Tables 4. 
Table 4. Inputs values and results of FC, MFC and LSC indices for 
general SC networks (1-3) and assembly SC networks (4-6) 
NO LK L N TN T FC α β γ MFC LSC 
1 11 8 9 10 5 25 0.03 1.11 1.38 21.14 20 
2 12 9 9 11 5 26 0.06 1.22 1.33 23.28 21 
3 16 9 9 11 4 29 0.07 1.22 1.78 27.30 25 
4 6 6 7 7 3 16 0 1 1 13 13 
5 7 7 8 8 3 18 0 1 1 15 15 
6 7 7 8 8 4 19 0 1 1 15 15 
 
Based on the given comparisons we can state that in a 
case of general supply chain structures: 
x Structure No. 3 is considered to be more complex 
than structures No. 1 and No. 2. 
x To accept this result it calls for the necessity of 
testing a hypothesis that total number of links has a 
greater impact on static SC complexity than number 
of tiers. 
x As regards to the assembly supply chain networks 
comparison, we can formulate the following 
preliminary conclusions: 
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x The lowest rate of complexity is indicated for 
structure No. 1. 
x Equally, as in case of general supply chain structures, 
we can register that total number of links plays in 
used indices a greater role in static SC complexity 
than number of tiers. 
8. Summary and conclusions 
This paper introduces a specific measure of static 
structural complexity for general and assembly supply 
chain networks. Its contributions can be seen in two 
mutually consistent domains. A first, it is in the 
exploration of existing and the novel indices for SC 
structural complexity assessment and eventual 
configuration design application. A second benefit can 
be found in determining certain principles for creating of 
the different types of supply chain network models. But, 
it has to be also underline that we identified few 
deficiencies during our exploration and was omitted 
important parameter - geographic dispersion of supply 
chain subjects. These issues will be conducted in a future 
work. 
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